THERMOPLASTIC ELASTOMERIC FOAM MATERIALS AND METHODS OF 



FORMING THE SAME 

Related Applications 
This application is a continuation-in-part of U.S. patent application serial no. 
10/225,069, entitled "Thermoplastic Elastomeric Foam Materials and Methods of Forming 
the Same", filed on August 22, 2002. 

Field of Invention 

The present invention relates generally to polymeric foams, and more particularly, to 
thermoplastic elastomeric foam materials and methods of forming the same. 

Background of Invention 

Polymeric foam materials are well known, and typically are produced by introducing 
a physical blowing agent into a molten polymeric stream, mixing the blowing agent with the 
polymer, and extruding the mixture into the atmosphere while shaping the mixture. Exposure 
to atmospheric conditions causes the blowing agent to gasify, thereby forming cells in the 
polymer. Under some conditions the cells can be made to remain isolated, and a closed-cell 
foamed material results. Under other, typically more violent foaming conditions, the cells 
rupture or become interconnected and an open-cell material results. As an alternative to a 
physical blowing agent, a chemical blowing agent (CBA) can be used which undergoes 
chemical decomposition in the polymer material causing formation of a gas. Microcellular 
foam materials are a class of foam materials that are characterized by having small cell sizes 
and high cell densities. 

U.S. Patent No. 3,796,779 (Greenberg; March 12, 1976) describes injection of a gas 
into a flowing stream of molten plastic, and expansion to produce a foam. The described 
technique typically produces voids or cells within the plastic that are relatively large. The 
number of voids or cells per unit volume of material typically is relatively low according to 
that technique and often the material exhibits a non-uniform distribution of cells throughout 
the material. 

U.S. Patent No. 4,473,665 (Martini- Vvedensky, et al.; September 25, 1984) describes 
a process for making foamed polymer having cells less than about 100 microns in diameter. 
In the technique of Martini- Vvedensky, et al., a material precursor is saturated with a blowing 
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agent, the material is placed under high pressure, and the pressure is rapidly dropped to 
nucleate the blowing agent and to allow the formation of cells. The material then is frozen 
rapidly to maintain a desired distribution of microcells. 

U.S. Patent No. 5,158,986 (Cha, et aL; October 27, 1992) describes formation of 
microcellular polymeric material using a supercritical fluid as a blowing agent. In a batch 
process of Cha, et al., a plastic article is submerged at pressure in supercritical fluid for a 
period of time, and then quickly returned to ambient conditions creating a solubility change 
and nucleation. In a continuous process, a polymeric sheet is extruded, then run through 
rollers in a container of supercritical fluid at high pressure, and then exposed quickly to 
ambient conditions. In another continuous process, a supercritical fluid-saturated molten 
polymeric stream is established. The stream is rapidly heated, and the resulting 
thermodynamic instability (solubility change) creates sites of nucleation, while the system is 
maintained under pressure preventing significant growth of cells. The material then is 
injected into a mold cavity where pressure is reduced and cells are allowed to grow. 

Polymeric foam materials may be used in a number of different applications including 
gaskets, shoe soles and other energy absorbing impact structures. In particular, thermoplastic 
elastomers (TPEs) have been used in these applications because of their energy absorption 
properties, as well as their processibility. TPEs have a hard thermoplastic phase and a soft 
elastomeric phase, thus, giving TPEs properties that fall between cured rubbers and soft 
plastics. TPEs may also contain mineral oil and/or particulate fillers, which act as processing 
aids and extenders, and enhance the rubber-like properties of the TPE. 

In some applications, such as certain gasket applications, it would be desirable for the 
polymeric material to exhibit low levels of water absorption. However, TPE foams, and 
especially low density TPE foams, may absorb water and, thus, may have limited use in these 
applications. 

Typical prior art TPE foams may absorb water as a result of an inherent open cell 
structure. The open cell structure can result from a number of factors. First, where a TPE 
includes viscosity reducers such as mineral oils, the viscosity reduction results in low 
extrusion pressures and insufficient melt strengths to resist cell expansion and maintain a 
closed cell structure at the exit of the die. Secondly, low molecular-level adhesion between 
the differing material phases in typical TPEs results in areas of stress concentration that tend 
to reduce the melt strength of the material below that required to maintain a closed cell 
structure. Finally, during the foaming process, particulate agglomerates and areas of low 



3 



molecular-level adhesion can cause cell rupture and lead to formation of large, connected 
cellular structures, particularly at lower foam densities. 

An open cell structure at the surface of and throughout a foam material can create 
pathways that enable water, under the appropriate driving force such as capillary action or 
pressure differences, to be absorbed. The total amount of water absorbed depends on the 
amount of connection between the cells and the volume of cells in the structure. 

To reduce water absorption, in some cases conventional TPE foams have been co- 
extruded with a solid skin layer and/or have been coated with a hydrophobic chemical coating 
layer. However, co-extruded and coated products are expensive to produce. In other 
techniques, water absorption has been reduced by increasing the melt tension of the TPE by 
adding a melt strength enhancing additive (e.g., a fluorinated polymer such as acrylic- 
modified PTFE) to the TPE composition. However, adding such additives also increases 
production costs and may complicate processing. 

Summary of Invention 

The invention provides thermoplastic elastomeric foam materials and methods of 
forming the same. In some embodiments, the TPE foams have a low water absorption. 

In one aspect, the invention provides a series of foam articles. In one embodiment, a 
foam article is provided which comprises a thermoplastic elastomer having a complete 
submersion water absorption of less than or equal to 40 x [(1- A)/A], wherein A= foam 
density in grams/cubic centimeter (g/cc). The foam article is substantially free of a melt 
strength enhancing additive containing fluorine. 

In another embodiment, a foam article is provided which comprises a thermoplastic 
elastomer having a complete submersion water absorption of less than or equal to 40 x [(1- 
A)/A], wherein A= foam density in grams/cubic centimeter. The thermoplastic elastomer 
includes a thermoplastic phase comprising a first polymer type. The foam article is 
substantially free of a melt strength enhancing additive of a different polymer type than the 
first polymer type. 

In another embodiment, a foam article is provided which comprises a thermoplastic 
elastomer having a complete submersion water absorption of less than or equal to 40 x [(1- 
A)/A], wherein A= foam density in grams/cubic centimeter. The foam article is substantially 
free of a melt strength enhancing additive containing fluorine and is free of an auxiliary layer 
formed on a surface of the foam article that limits water absorption. 
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In another embodiment, a foam article is provided that comprises a thermoplastic 
elastomer having a complete submersion water absorption of less than or equal to 40 x [(1- 
A)/A], wherein A= foam density in grams/cubic centimeter. The thermoplastic elastomer 
includes a thermoplastic phase comprising a first polymer type. The foam article is 
substantially free of a melt strength enhancing additive comprising a different polymer type 
than the first polymer type and is free of an auxiliary layer formed on a surface of the foam 
article that limits water absorption. 

In another embodiment, a foam article is provided that comprises a thermoplastic 
elastomer having a U-test water absorption of less than or equal to 0.5%. The foam article is 
substantially free of a melt strength enhancing additive comprising fluorine and is free of an 
auxiliary layer formed on a surface of the foam article that limits water absorption. 

In another embodiment, a foam article is provided that comprises a thermoplastic 
elastomer having a U-test water absorption of less than or equal to 0.5%. The thermoplastic 
elastomer includes a thermoplastic phase comprising a first polymer type. The foam article is 
substantially free of a melt strength enhancing additive comprising a different polymer type 
than the first polymer type and is free of an auxiliary layer formed on a surface of the foam 
article that limits water absorption. 

In another aspect, the invention provides a series of methods. In one embodiment, a 
method is provided that comprises processing polymeric material comprising a thermoplastic 
elastomer in an extruder; and introducing a blowing agent comprising nitrogen into the 
polymeric material in the extruder. 

In another embodiment, a method is provided that comprises extruding a 
thermoplastic elastomer foam material from polymer extrusion apparatus using a blowing 
agent that is a gas under ambient conditions and obtaining material having a complete 
submersion water absorption of less than or equal to 40 x [(1- A)/A], wherein A- foam 
density in grams/cubic centimeter. 

In another aspect, a method is provided that comprises processing a thermoplastic 
elastomer having a durometer of less than 60 Shore A in an extruder, and introducing a 
physical blowing agent into the polymeric material to form a mixture of physical blowing 
agent and polymeric material in the extruder. The method further comprises extruding the 
mixture of physical blowing agent and polymeric material to form an extrudate; and forming 
a gasket, seal or weatherstrip from the extrudate. 

In another aspect, a method is provided that comprises extruding a thermoplastic 
elastomer foam material from polymer extrusion apparatus, and recovering a foam article 
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comprising the thermoplastic elastomer having a U-test water absorption of less than or equal 
to 0.5%. The foam article is substantially free of a melt strength enhancing additive 
comprising fluorine and is free of an auxiliary layer formed on a surface of the foam article 
that limits water absorption. 

In another aspect, a method is provided that comprises extruding a thermoplastic 
elastomer foam material from polymer extrusion apparatus, and recovering a foam article 
comprising the thermoplastic elastomer having a U-test water absorption of less than or equal 
to 0.5%. The thermoplastic elastomer includes a thermoplastic phase comprising a first 
polymer type. The foam article is substantially free of a melt strength enhancing additive 
comprising a different polymer type than the first polymer type and is free of an auxiliary 
layer formed on a surface of the foam article that limits water absorption. 

The subject matter of this application may involve, in some cases, interrelated 
products, alternative solutions to a particular problem, and/or a plurality of different uses of a 
single system or article. Other advantages, features, and uses of the invention will become 
apparent from the following detailed description of non-limiting embodiments of the 
invention when considered in conjunction with the accompanying drawings, which are 
schematic and which are not intended to be drawn to scale. In the figures, each identical or 
nearly identical component that is illustrated in various figures typically is represented by a 
single numeral. For purposes of clarity, not every component is labeled in every figure, nor 
is every component of each embodiment of the invention shown where illustration is not 
necessary to allow those of ordinary skill in the art to understand the invention. In cases 
where the present specification and a document incorporated by reference include conflicting 
disclosure, the present specification shall control. 

Brief Description of the Drawings 

Fig. 1 is a schematic illustration of an extrusion system. 

Fig. 2 is a schematic illustration of a multihole blowing agent feed orifice 
arrangement and extrusion screw. 

Fig. 3 is a schematic illustration of an extrusion system set up for profile extrusion. 

Fig. 4 is a graph of water absorption as a function of foam density at different water 
absorption factors. 

Fig. 5 shows examples of automotive gasket profiles. 

Fig. 6 shows test equipment used to measure water absorption in the Examples. 
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Fig. 7 is a graph of the water absorption as a function of foam density for foams made 
with nitrogen blowing agent as described in the Examples. 

Fig. 8 is a graph of the water absorption as a function of foam density for foams made 
with carbon dioxide blowing agent as described in the Examples. 

Fig. 9A and 9B are respective copies of scanning electron micrographs of a TPV 
sample foamed using carbon dioxide and nitrogen blowing agents. 

Detailed Description 

The following documents are incorporated herein by reference in their entirety for all 
purposes: 

International Patent Publication No. WO 98/08667, published March 5, 1998, entitled 
"Method and Apparatus for Microcellular Polymer Extrusion", by Burnham, et al.; 

International Patent Publication No. WO 99/32544, published July 1, 1999, entitled 
"Microcellular Foam Extrusion/Blow Molding Process and Article Made Thereby", by 
Anderson, et ah; and 

International Patent Publication No. WO 00/26005, published May 11, 2000, entitled 
"Molded Polymeric Material Including Microcellular, Injection-Molded, and Low-Density 
Polymeric Material", by Pierick, et al. 

The present invention provides a series of techniques and articles involving polymeric 
foams. In one aspect, the invention involves the discovery that unexpectedly low water 
absorption characteristics can be achieved in polymer foams by tailoring foam-forming 
conditions as described below. Particularly surprising is the achievement of low water 
absorption in extruded thermoplastic elastomeric (TPE) polymer foams, in view of the fact 
that conventional TPEs foams typically have open cell structures which leads to unacceptably 
high water absorption. 

"Complete submersion water absorption," in the context of the present invention, is 
measured by completely immersing an entire sample in water under high vacuum, for 
example according to ASTM D 1056 Sections 42 through 48. The sample is weighed before 
and after immersion. The water absorption is defined by the percentage increase in weight of 
the sample. For the water absorptions described herein, the entire sample is immersed in 
water including ends of the sample. The technique used herein is to be distinguished from 
techniques that do not completely immerse the entire sample such as the U-test water 
absorption described below which allows sample ends to remain out of the water. Such 
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techniques that allow sample ends to remain out of the water have a tendency to have lower 
water absorption values (in particular, for open cell foams) because the technique does not 
account for water that would be absorbed into the cell structure via the sample ends (lower 
values may be compounded, for example, when surfaces of the article, which are selectively 
submerged, have been treated with a hydrophobic substance). 

"U-test water absorption," in the context of the present invention, is measured by 
immersing a sample under water in a "U" shape with sample ends remaining out of the water 
as described generally in test specifications of North American OEMs (e.g. Ford WSB- 
M2D189-A and Chrysler MS-AK87). The sample is weighed before and after immersion and 
the U-test water absorption is calculated from the respective weights. The specific procedure 
for measuring "U-test water absorption," as used herein, includes minor modifications of the 
above-noted test specifications which do not effect the results. The total sample length is 250 
mm, with 25 mm remaining out of the water on each end. A vacuum of 17 kPa absolute is 
maintained for 5 minutes, followed by 5 minutes at atmospheric pressure. The U-test water 
absorption is calculated as follows: 

WA (%) = [(W f - Wi)/Wi]/0.8 x 100% 
where Wf and Wi are the final and initial weights, respectively and the 0.8 factor represents 
the proportion of the sample that is submerged in the water. 

It has been found that foams of the present invention may exhibit low water 
absorption properties characterized by low complete submersion water absorptions and/or 
low U-test water absorptions. It should be understood that "water absorption," as used 
herein, may refer to both "complete submersion water absorption" and "U-test water 
absorption." 

It has been found that foams of the present invention have lower complete submersion 
water absorptions than conventional foams at a given foam density or over a given foam 
density range. The specific complete submersion water absorption depends on a number of 
factors including processing conditions, polymeric material composition, and polymeric foam 
density. Process conditions may be adjusted to provide the desired water absorption value. It 
has been generally observed that complete submersion water absorption increases with 
decreasing foam density. A mathematical relationship between density and complete 
submersion water absorption may be useful for comparing the complete submersion water 
absorption of polymeric foams of the present invention to prior art foams. Specifically, 
foams of the invention have a complete submersion water absorption that is less than or equal 
to the following: 
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Cx[(l-A)/A] 

wherein A= foam density in grams/cubic centimeter and C is a water absorption factor. 

In some embodiments, the polymeric foams of the present invention have a complete 
submersion water absorption of less than or equal to 50 x [(1- A)/A] (i.e., C = 50). In some 
embodiments, the polymeric foams of the present invention have a complete submersion 
water absorption of less than or equal to 40 x [(1- A)/A] (i.e., C = 40). In other embodiments, 
polymeric foams have a complete submersion water absorption of less than or equal to 25 x 
[(1- A)/A] (i.e., C - 25); in other embodiments, less than or equal to 10 x [(1- A)/A] (i.e., C = 
10); and, in other embodiments, less than or equal to 5 x [(1- A)/A] (i.e., C = 5). 

In some embodiments, the polymeric foams of the present invention have low U-test 
water absorptions of less than or equal to 0.5%. In some embodiments, the polymeric foams 
have even lower U-test water absorptions such as less than or equal to 0.3%, 0.1%, or even 
less than 0.05%. In some cases, the U-test water absorption is between 0.01% and 0.5%. 
The specific U-test water absorption depends on a number of factors including processing 
conditions, polymeric material composition, and polymeric foam density. Process conditions 
may be adjusted to provide the desired water absorption value. 

In contrast to the relationship between complete submersion water absorption and 
density described above, the U-test water absorption does not generally depend on density. 
This is, in part, because U-test water absorption does not generally depend on the degree of 
open-cell structure of a foam (which generally increase at higher densities) since ends of the 
foam are not immersed in water in this test. The U-test water absorption is more dependent 
on the amount of surface porosity (which does not depend strongly on density), as described 
further below. Therefore, a relationship between U-test water absorption and density has not 
been provided. 

In contrast to foams of the present invention, prior art foams of which the inventors 
are aware that are not treated with a separate component that decreases water absorption, as 
described further below, have complete submersion water absorptions greater than or equal to 
50 x [(1- A)/A] (i.e., C = 50). Prior art foams of which the inventors are aware that are not 
treated with a separate component that decreases water absorption, as described further 
below, have U-test water absorption values of greater than or equal to 0.7%. 

Fig. 4 graphically illustrates the relationship of foam density and complete 
submersion water absorption at the above-described C values. 

It should be understood that prior art foams that include a separate component that 
reduces water absorption may have low water absorptions Such separate components may be 
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co-extruded solid layers formed on foam article surfaces or hydrophobic coating layers 
formed on foam article surfaces. The separate component may also be an additive that is 
added to the base polymeric material to increase its melt strength (melt-strength additives are 
well known). In some embodiments, the melt strength enhancing additive may contain 
fluorine (e.g., an acrylic-modified fluorinated polymer or PTFE). In other cases, the melt 
strength enhancing additive may comprise a different polymer type than the polymer type of 
one component of the base polymer (e.g., the thermoplastic phase of TPE). Typically, melt 
strength additives are present in amounts of less than 5 percent of the total weight of the base 
polymeric material. 

Advantageously, foams of the present invention may achieve low water absorptions 
without the need for using separate components noted above. Thus, in some embodiments, 
foams of the present invention are substantially free of a melt strength enhancing additive. In 
one embodiment, the foams are substantially free of a melt strength additive that comprises a 
different polymer type than the polymer type of one component of the base polymer. "Base 
polymer", as used herein means the continuous phase of a blend (e.g., the thermoplastic phase 
of TPE), or primary polymer component of a plastic. As used herein, a second polymer (e.g. 
additive) that is of a "different polymer type" relative to a first polymer (e.g. base polymer) 
includes a different, non-hydrocarbon atom or group of atoms relative to the first polymer. 
For example, the second, different polymer type might be halogenated, i.e., including the 
non-hydrocarbon atom chorine, or may include a non-hydrocarbon group such as an ester, 
ether, amide, amine, etc., not present in the first polymer. For example, polyesters are a 
polymer type that includes PET, PBT, and PCT (amongst others), all of which have an ester 
functional group and polyolefins are a polymer type that includes polypropylene and 
polyethylene, all of which have no functional groups. In another embodiment, the foams are 
substantially free of a melt strength enhancing additive that contains fluorine (e.g., an acrylic- 
modified fluorinated polymer or PTFE). In another embodiment, the foams are substantially 
free of a melt strength enhancing additive that includes a polymer having a backbone 
chemically different than the backbone of the base component (i.e., a backbone defined by 
different atoms at at least some locations). 

It should be understood that, as used herein, melt strength enhancing additives do not 
include additives that comprise the same polymer type as the polymer type of one component 
of the base polymer (e.g., the thermoplastic phase of TPE). For example, an additive that 
comprises polypropylene is not a melt strength additive, as defined herein, when added to a 
TPE that includes a polypropylene thermoplastic phase. Thus, in some embodiments, foams 
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of the invention may include additives of the same polymer type as one of the polymeric 
components of the base polymeric material and still may be free of melt strength enhancing 
additives. 

In some embodiments, foams of the invention are free of material formed on surfaces 
of the foam which limit water absorption, such as hydrophobic coating layers and/or co- 
extruded solid layers (not including, by definition, surface skins inherently formed at certain 
die temperatures). It should be understood, however, that certain foams of the invention (in 
this set of embodiments) may also include layers or coatings that improve other properties of 
the foam such as surface gloss, lubricity or abrasion resistance. 

As noted above, foams of the invention have lower water absorption than 
conventional foams at a given density or over a given foam density range. In some cases, 
foams of the invention have a foam density of between about 0.30 grams/cubic centimeter 
and about 0.70 grams/cubic centimeter. Over this density range, the foams may have a 
complete submersion water absorption of less than about 35 percent, less than about 20 
percent, or less than about 5 percent. In some cases, foams of the invention have a foam 
density of between about 0.35 grams/cubic centimeter and about 0.60 grams/cubic 
centimeter. Over this density range, the foams may have a complete submersion water 
absorption of less than about 35 percent, less than about 20 percent, or less than about 5 
percent. In some cases, foams of the invention have a foam density of between about 0.40 
grams/cubic centimeter and about 0.50 grams/cubic centimeter. Over this density range, the 
foams may have a complete submersion water absorption of less than about 35 percent, less 
than about 20 percent, or less than about 5 percent. 

In one preferred set of embodiments of the present invention, the foams are made of a 
thermoplastic elastomer (TPE), as described further below. However, it should be 
understood that other types of thermoplastic polymeric materials including amorphous, 
semicrystalline, or crystalline materials may also be used in accordance with the present 
invention. 

Thermoplastic elastomers are a group of materials having properties which fall 
between cured rubbers and soft plastics, and are known to be used for seals, gaskets, 
weatherstripping, shoe soles, and in general, flexible parts. TPEs are hybrid material systems 
including at least two or more intermingled polymer systems, each having its own phase and 
softening temperature (Ts). TPEs are made up of a hard thermoplastic phase and a soft 
elastomeric phase. The useful temperature of a TPE occurs in the region where the soft phase 
is above and the hard phase is below their respective Ts. The hard phase acts to anchor or 
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restrict the movement of polymer chains of the soft phase, generating resistance to the 
deformation of the TPE. The reinforcement of the hard phase disappears above its Ts, and 
the TPE becomes a viscous liquid that can be shaped in the same general manner as an 
unvulcanized thermoset rubber. Upon cooling below its Ts, the hard phase resolidifies and 
the TPE again becomes rubberlike. In contrast to the irreversible cleavage of the chemical 
crosslinks of a thermoset rubber, the heating and cooling through the hard phase Ts is 
reversible and thermoplastic in behavior. Such properties give TPEs the performance 
properties of conventional thermoset rubber and advantageously allow them to be molded or 
extruded as if they were rigid thermoplastics. TPEs may include block or graft copolymers 
and elastomer/thermoplastic compositions. TPEs are further described in Modern Plastics 
World Encyclopedia 2001, pp. B39-B40, the pages of which are incorporated herein by 
reference. 

The TPE hard phase may be a single or a combination of polymers, including, but not 
limited to, styrenic (e.g., polystyrene), olefinic (e.g., polyethylene, polypropylene), 
crosslinkable polyolefins, polyester, polyamide, polyurethane, and halogenated polymers 
(e.g., polyvinyl chloride). 

The TPE soft phase may be, for example, ethylene-propylene rubber (EPR), nitrile- 
butadiene rubber (NBR), or ethylene-propylene-diene monomer rubber (EPDM). The soft 
phase may be uncrosslinked or partially or fully crosslinked. The microcellular TPE 
structures of the present invention are particularly advantageous when crosslinked. 
Crosslinked, as used herein, means that at least 5% of the polymer chains are connected to 
another polymer chain. Crossiinking may be accomplished via a variety of known 
mechanisms including via electron beam radiation, free radical generation, crossiinking 
agents, or vulcanization. 

Preferably, the TPE materials are thermoplastic vulcanizates (TPVs). In general, 
TPVs are TPEs that include a cross-linked (fully or partially) soft phase. TPVs usually have a 
polyolefin resin (e.g., polypropylene and/or polyethylene) continuous matrix that also 
contains grafted and crosslinked ethylene-propylene rubber (EPR) or ethylene-propylene- 
diene monomer (EPDM) copolymers, filler (often talc) and mineral oil. One particularly 
preferred TPV material has a polypropylene thermoplastic phase and a fully cross-linked 
EPDM soft phase. Examples of TPE materials are those sold under the tradenames 
Santoprene by Advanced Elastomer Systems LP (AES), Sarlink by DSM, Uniprene by 
Teknor-Apex, Excelink by JSR, Forprene by PolyOne, NexPrene by Thermoplastic Rubber 
Systems (TRS), Milastomer by Mitsui and Multiprene by Multibase. A more complete list of 
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TPE and TPV tradenames and suppliers can be found in the Modern Plastics World 
Encyclopedia 2001, pp. F17-F18. 

In some cases, foams of the invention may be made from TPE materials having low 
durometers. It is particularly challenging, or even impossible, to foam such low durometer 
materials using conventional techniques because of the large percentage of soft-phase 
material and/or other processing aids that hinder conventional foaming. In some 
embodiments, foams of the present invention may be made from TPE materials having a 
durometer of less than 60 Shore A; in other cases, less than 55 Shore A; or even, less than 45 
Shore A. In some cases, the minimum Shore A value may be, for example, 35 Shore A. The 
TPE foams having the above-described durometer values may have a void volume of at least 
about 10%. In other cases, even high density reductions with the above-described durometer 
values may be achieved such as at least about 30%, at least about 45%, or even at least about 
60%. Density may be controlled in part by controlling the processing conditions described 
further below. 

Advantageously, these TPE materials having low durometers may be processed with 
physical blowing agents, as described further below. In these embodiments, the articles may 
be substantially free of residual chemical blowing agents or by-product of chemical blowing 
agent. 

The foams of the present invention also may include a variety of other components. 
Such components can be other polymeric materials, fillers, nucleating agents, plasticizers, 
lubricants, colorants or any other additive or processing aid known in the art. 

Foams of the present invention advantageously have little or no surface porosity and a 
relatively closed cell structure. The lack of surface porosity and closed cell structure limits 
absorption of water because water does not have a pathway to flow into the cell structure and, 
thus, be absorbed by the foam material. In some cases, foams of the present invention may 
have a thin skin, for example, on the order of 0.1 to 3.0 microns. It is believed that the little 
or no surface porosity in foams of the present invention is the primary factor in the low U- 
shape water absorptions described above. Because of the lack of porosity, water is not 
absorbed through the surface and into the structure. It should be understood that the 
relatively closed cell structure also contributes to the low U-shape water absorptions. It is 
believed that the combination of the little or no surface porosity and relatively closed cell 
structure both lead to the low complete submersion water absorptions. 

In some cases, it may be preferable for the foams of the present invention to be 
microcellular polymeric materials. Microcellular polymeric materials have an average cell 
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size of less than about 100 microns. In some cases, the microcellular polymeric materials 
have an average cell size of less than 80 microns, or less than 50 microns. Microcellular 
materials may be produced in the above-noted density ranges, as well as densities outside of 
the above-noted ranges. It has been observed that the small cells of microcellular materials 
can limit water absorption. 

The foam articles may be used in a variety of applications. Suitable applications 
include, but are not limited to, applications in which low water absorption properties are 
desirable such as gaskets, seals or weatherstrips. 

Referring now to Fig. 1, a system 6 for the production of foam of the present 
invention is illustrated schematically. An extruder 8 includes a screw 38 that rotates within a 
barrel 32 to convey, in a downstream direction 33, polymeric material in a processing space 
35 between the screw and the barrel. Although not shown in detail, screw 38 may include 
feed, transition, gas injection (or wiping), mixing, and metering sections. The polymeric 
material is extruded through a die 37 fluidly connected to processing space 35 and fixed to a 
downstream end 36 of barrel 32. Die 37 is configured to form an extrudate 39 of foam in the 
desired shape, as described further below. 

The extrusion screw is operably connected, at its upstream end, to a drive motor 40 
which rotates the screw within barrel 32. Positioned along barrel 32, optionally, are 
temperature control units 42. Control units 42 can be electrical heaters, can include 
passageways for temperature control fluid, and or the like. Units 42 can be used to heat a 
stream of pelletized, powdery or fluid polymeric material within the barrel to facilitate 
melting, and/or to cool the stream to control viscosity and, in some cases, blowing agent 
solubility. The temperature control units can operate differently at different locations along 
the barrel, that is, to heat at one or more locations, and to cool at one or more different 
locations. Any number of temperature control units can be provided. Temperature control 
units also can be supplied to heat a die to which the extrusion system is connected. 

Barrel 32 is constructed and arranged to receive a precursor of polymeric material. 
As used herein, "precursor of polymeric material" is meant to include all materials that are 
fluid, or can form a fluid and that subsequently can harden to form a foam article. Typically, 
the precursor is defined by polymer pellets, and can include other species such as processing 
aids, fillers and nucleating agents. Suitable polymeric materials have been described further 
above. 

Introduction of the pre-polymeric precursor, typically, utilizes a standard hopper 44 
for containing pelletized polymeric material to be fed into the extruder barrel through orifice 
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46, although a precursor can be a fluid prepolymeric material injected through an orifice and 
polymerized within the barrel via, for example, auxiliary polymerization agents. In 
connection with the present invention, it is important only that a fluid stream of polymeric 
material be established in the system. From hopper 44 pellets are received into the feed 
section of the screw and conveyed in a downstream direction in polymer processing space 35 
as the screw rotates. Heat from extrusion barrel 32 and shear forces arising from the rotating 
screw, act to soften the pellets within the transition section. Typically, by the end of the first 
metering section the softened pellets have been gelated, that is, welded together to form a 
uniform fluid stream substantially free of air pockets. 

Foam production according to the present invention preferably uses a physical 
blowing agent, that is, an agent that is a gas under ambient conditions. In embodiments in 
which a physical blowing agent is used, along barrel 32 of extruder 30 is a port 54 in fluid 
communication with a source 56 of a physical blowing agent. Any of a wide variety of 
physical blowing agents known to those of ordinary skill in the art such as hydrocarbons, 
chlorofluorocarbons, nitrogen, carbon dioxide, and the like, and mixtures, can be used in 
connection with the invention and, according to a preferred embodiment, source 56 provides 
carbon dioxide, or nitrogen, or a mixture thereof as a blowing agent. Supercritical fluid 
blowing agents are preferred, particularly supercritical carbon dioxide and/or nitrogen. 
Where a blowing agent that is a gas under ambient conditions is used, a single-phase solution 
of polymeric material and blowing agent is created having viscosity reduced to the extent that 
extrusion, injection molding and blow molding is readily accomplished even with material of 
melt flow no more than about 0.2 g/ 10 min. 

In some embodiments carbon dioxide is used in combination with other blowing 
agents such as nitrogen, and in other embodiments carbon dioxide is used alone with no other 
blowing agents present. In other embodiments carbon dioxide can be used with other 
blowing agents so long as the other blowing agents do not materially alter the blowing 
process. When nitrogen is used, similarly it can be used alone, in combination with another 
blowing agent (e.g. carbon dioxide) that adds to or changes the blowing agent properties, or 
in combination with another agent that does not materially change the blowing process. 

In embodiments that utilize physical blowing agents, the articles may be substantially 
free of residual chemical blowing agents or by-product of chemical blowing agent. 

A pressure and metering device 58 typically is provided between blowing agent 
source 56 and port 54. Device 58 can be used to meter the blowing agent so as to control the 
amount of the blowing agent in the polymeric stream within the extruder to maintain a level 
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of blowing agent at a particular level. In a preferred embodiment, device 58 meters the mass 
flow rate of the blowing agent. The blowing agent is generally less than about 15% by 
weight of polymeric stream and blowing agent. 

The pressure and metering device can be connected to a controller (not shown) that 
also is connected to drive motor 40 and/or a drive mechanism of a gear pump (not shown) to 
control metering of blowing agent in relationship to flow of polymeric material to very 
precisely control the weight percent blowing agent in the fluid polymeric mixture. 

Although port 54 can be located at any of a variety of locations along the barrel, 
according to a preferred embodiment it is located just upstream from a mixing section 60 of 
the screw and at a location 62 of the screw where the screw includes unbroken flights. 

It should be understood that other types of polymer processing systems may also be 
used to produce the polymeric foam material of the present invention. 

Referring now to Fig. 2, one embodiment of the blowing agent port is illustrated in 
greater detail and, in addition, two ports on opposing top and bottom sides of the barrel are 
shown. In this preferred embodiment, port 154 is located in the gas injection section of the 
screw at a region upstream from mixing section 60 of screw 38 (including highly-broken 
flights) at a distance upstream of the mixing section of no more than about 4 full flights, 
preferably no more than about 2 full flights, or no more than 1 full flight. Positioned as such, 
injected blowing agent is very rapidly and evenly mixed into a fluid polymeric stream to 
promote production of a single-phase solution of the foamed material precursor and the 
blowing agent. 

Port 1 54, in the preferred embodiment illustrated, is a multi-hole port including a 
plurality of orifices 164 connecting the blowing agent source with the extruder barrel. As 
shown, in preferred embodiments a plurality of ports 154 are provided about the extruder 
barrel at various positions radially and can be in alignment longitudinally with each other. 
For example, a plurality of ports 154 can be placed at the 12 o'clock, 3 o'clock, 6 o'clock, 
and 9 o'clock positions about the extruder barrel, each including multiple orifices 164. In 
this manner, where each orifice 164 is considered a blowing agent orifice, the invention 
includes extrusion apparatus having at least about 10; in some cases, at least about 40; in 
some cases, at least about 100; in some cases, at least about 300; in some cases, at least about 
500; and, in some cases, at least about 700 blowing agent orifices in fluid communication 
with the extruder barrel, fluidly connecting the barrel with a source of blowing agent. 

Also in some embodiments is an arrangement (as shown in Fig. 2) in which the 
blowing agent orifice or orifices are positioned along the extruder barrel at a location where, 
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when a preferred screw is mounted in the barrel, the orifice or orifices are adjacent full, 
unbroken flights 165. In this manner, as the screw rotates, each flight, passes, or "wipes" 
each orifice periodically. This wiping increases rapid mixing of blowing agent and fluid 
foamed material precursor by, in one embodiment, essentially rapidly opening and closing 
each orifice by periodically blocking each orifice, when the flight is large enough relative to 
the orifice to completely block the orifice when in alignment therewith. The result is a 
distribution of relatively finely-divided, isolated regions of blowing agent in the fluid 
polymeric material immediately upon injection and prior to any mixing. In this arrangement, 
at a standard screw revolution speed of about 30 rpm, each orifice is passed by a flight at a 
rate of at least about 0.5 passes per second, more preferably at least about 1 pass per second, 
more preferably at least about 1.5 passes per second, and more preferably still at least about 2 
passes per second. In preferred embodiments, orifices 154 are positioned at a distance of 
from about 15 to about 30 barrel diameters from the beginning of the screw (at upstream end 
34). 

It should be understood that not all systems of the invention utilize multiple blowing 
agent ports or multiple orifices. Certain systems may have a single blowing agent port and/or 
a single orifice. 

Referring again to Fig. 1, mixing section 60 of screw 38, following the gas injection 
section, is constructed to mix the blowing agent and polymer stream to promote formation of 
a single phase solution of blowing agent and polymer. The mixing section includes broken 
flights which break up the stream to encourage mixing. 

Die 37 includes inner passageways having shape and dimensions (die geometry) to 
control the shape of the extrudate. The die, in this embodiment, can have any of a variety of 
configurations, as is known in the art, to produce microcellular foam in specific forms, for 
example, sheets, profiles, or strands. Dies described in international patent publication no. 
WO 98/08667 incorporated herein by reference can be used. Particularly preferred dies for 
production of TPV foams are described further below. 

In addition to shaping the extrudate released from such a die, the die also performs 
two other functions when processing microcellular foam materials. The die must first be 
capable of providing sufficient pressure, at the desired polymer flow rate and melt 
temperature, to maintain the single phase polymer/blowing agent solution, created in the 
mixing section of the screw, to the entrance of the die. As the pressure in the single-phase 
solution drops as the solution flows through die internal passageways, solubility of the 
blowing agent in the polymer decreases, which is the driving force for cell nucleation caused 
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by the blowing agent coming out of solution. The extent of pressure drop depends upon the 
dimensions of the passageway. Specifically, the dimensions that affect the pressure drop 
include the shape of the passageway, the length of the passageway, and the thickness of the 
passageway. Under processing conditions for TPE and TPV, the pressure drop across the die 
is generally greater than 700 psi, preferably greater than 800 psi, and more preferably greater < 
than 900 psi. 

As a result of elevated temperatures, extrudate 39 that is released from the die is 
typically soft enough so that the nucleated cells grow. As the extrudate cools in the 
atmosphere and becomes more solid, cell growth is restricted. In certain embodiments, it is 
advantageous to provide external cooling means to speed the cooling rate of the extrudate. 
For example, in these embodiments, cooling may be accomplished by blowing air or liquid 
such as water mist on the extrudate, contacting the extrudate with a cool surface, submerging 
the extrudate in a liquid medium or a combination of the above; Fig. 3 schematically 
illustrates the combination of blowing a fine water 204 mist over the top half of an extruded 
profile that is floating on the surface of chilled water in a water bath 200. Fig. 3 also shows a 
puller downstream to take the extruded foam profile away from the extruder die 37. Other 
equipment (not illustrated) downstream of the die can be used, as required, for additional 
shaping of the extrudate into a final form. 

As mentioned, in one aspect the present invention involves control over polymer 
extrusion foaming conditions resulting in polymer extrudate having surprisingly low water 
absorption. The conditions may be controlled, for example, to produce relatively closed cell 
structures and/or little or no surface porosity which promote low water absorptions. 
Conditions that promote low water absorption follow, however it should be understood that 
all of these conditions may not be satisfied when producing foams having low water 
absorptions: 

Die exit taper angle: With reference to International Patent Publication No. WO 
98/08667, referenced above, a die may have a parallel exit geometry or in some case 
preferably selected to have a passageway having a cross-sectional dimension that decreases in 
a downstream direction. The included angle of taper may preferably be less than 14 degrees 
and more preferably less than or equal to 10 degrees for low water absorption. 

Blowing agent: As mentioned above in connection with the description of Fig. 1, a 
variety of blowing agents can be utilized in the present invention. In one embodiment, the 
blowing agent includes carbon dioxide. More preferably, in this embodiment the blowing 
agent is at least 50% carbon dioxide and more preferably is entirely carbon dioxide. In some 
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embodiments, carbon dioxide content, by weight as a function of weight of polymeric 
material into which it is introduced, are less than about 2.0%, in some embodiments between 
about 0.3% and about 1.8%, and in some embodiments between about 0.5% and about 1.0%. 
In some cases, but not all, use of blowing agent content in excess of the afore-mentioned 
range may result in production of foams having higher water absorption values as a result of a 
higher number of open cells and/or increased surface porosity. 

In another embodiment nitrogen is used as a blowing agent. Nitrogen has been found 
to work especially effectively as a blowing agent with TPEs to produce low water absorption 
polymeric extrudate. Where nitrogen is used it preferably is present as at least 50% of the 
blowing agent, and more preferably the blowing agent consists entirely of nitrogen. In some 
embodiments nitrogen is present in an amount of less than about 1% (e.g., between about 
0.05% and about 0.9%), as a function of weight of polymeric material into which it is 
introduced; in other embodiments, between about 0.1% and about 0.7%; and, in other 
embodiments, between about 0.2% and about 0.5%. In some cases, but not all, use of 
blowing agent content in excess of the aforementioned range may result in production of 
foams having higher water absorption values as a result of a higher number of open cells 
and/or increased surface porosity. 

Melt temperature: Extrusion temperatures below plastic resin manufacturers' 
recommendations may be used to achieve the desired low water absorption, density and good 
surface finish. More specifically, indicated melt temperatures ranging from 310 to 350°F, 
depending on material grade have been found to provide low water absorption when used in 
combination with the die designs and blowing agent levels mentioned above. 

An important difference in TPE processing, relative to more standard amorphous and 
semi-crystalline polymers, is the method in which the final operating profile is achieved. 
Typically, extruder set temperatures are reduced from standard startup conditions prior to 
starting flow of the blowing agent into the extruder to increase the pressure in the system by 
reducing the polymer melt temperature to ensure that the blowing agent will remain in 
solution. With TPVs, it has also been found that low water absorption and smooth surface 
characteristics are achieved when flow of the blowing agent into the material begins prior to 
reducing extruder set temperatures from standard startup conditions of the polymer melt. 
This procedure is effective with these materials because of the small changes in system 
pressures with changes in output and melt temperature as noted above. 

Extruder and die temperature profile: Conditions in the extrusion apparatus may be 
controlled such that the polymeric material exiting the extruder has a melt temperature 
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conducive to generating foam (e.g., microcellular foam), as described above. Furthermore, 
the extruder and die temperature profile may be preferably controlled to ensure a relatively 
consistent melt temperature across the profile of the exiting molten polymer to obtain a 
consistent microcellular cell structure across the extruded profile; otherwise, larger cells may 
be near the inner or outer surface and will lead to interconnected or open cells that increase 
the water absorption of the extruded part. 

The extruder and die temperature profile must also provide a sufficiently molten outer 
layer that a smooth unbroken outer (and for tubes, inner) skin is obtained. If the extrudate 
surface is too cold upon exit from the die, surface porosity (e.g., microtears or voids) may 
develop that will lead to increased water absorption. If the extrudate is too hot upon exit 
from the die, surface voids may develop as a result of lower melt strength of the material. 
Specific extrudate temperatures depend, in part, on material type and other processing 
conditions (e.g., blowing agent content). 

The function and advantage of these and other embodiments of the present invention 
will be more fully understood from the examples below. The following examples are 
intended to illustrate the benefits of the present invention, but do not exemplify the full scope 
of the invention. 

Example 1: Extruded Product using Nitrogen as Blowing Agent 
Extrusion Equipment : A line for the production of extruded profiles was assembled 
employing a 2 V* in. diameter, 32:1 L:D single screw extruder (Akron Extruders, Canal 
Fulton, OH). An injection system for the injection of N2 into the extruder was placed at 
approximately 8 diameters from the exit of the extruder. The injection system included 2 
equally spaced circumferential, radially positioned ports, each port including 176 orifices, 
each orifice of 0.020 inch diameter, for a total of 352 orifices. The injection system included 
an air actuated control valve to precisely meter a mass flow rate of blowing agent at rates 
from 0.04 to 3.5 lbs/hr at pressures up to 5500 psi. 

The screw of the primary extruder was a specially designed screw to provide feeding, 
melting and mixing of the polymer/talc concentrate followed by a mixing section for the 
dispersion of blowing agent in the polymer. 

Connected to the exit of the extruder was a horizontally mounted, in-line extrusion 
annular profile die. The head was designed by Trexel Inc. (Woburn, MA) and was equipped 
with taps for measurement of melt temperature and pressure just prior to entry into the die. It 
employed a conventional 3-spider type flow distribution channel and a die adjustment system 
that allowed movement of the die relative to the fixed position tip. This feature provides the 
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ability to produce uniform wall thickness by "centering" the die to the mandrel. A wide 
range of exit gaps and exit taper angles were possible depending upon the chosen tooling 
design. The head was also equipped with an air channel and regulator that allowed the 
introduction and control of air pressure through the center of the head. This feature allowed 
the use of air to cool and support the ID of hollow profiles when used in conjunction with 
extrusion tips designed with an appropriate air passageway. 

Upon exit from the die, the extrudate entered a cooling trough of approximately 10 
feet in length. The trough was equipped with a closed loop water cooling system, flow 
controls and spray heads. The system was plumbed and adjusted to provide a fixed water 
level in the trough to support and cool the extrudate. Spray heads were mounted along the 
trough length to cool the entire perimeter of the extrudate. Air nozzles were provided at the 
end of the trough to remove the water from the outer surface of the extrudate. 

A standard, 36 inch length belt hauloff (Custom Downstream Systems, St. Laurent, 
Quebec, Canada) equipped with a variable speed drive was placed at the exit of the water 
trough. This system pulled the extrudate through the cooling trough at constant speed to 
provide the target product dimensions. 

Complete Submersion Water Absorption Test : The complete submersion water absorption 
test procedure generally followed that outlined in ASTM D 1056 - 00 "Standard 
Specifications for Flexible Cellular Materials — Sponge or Expanded Rubber" Sections 42 
through 48. Modifications or elaborations on the ASTM test method were: 
Standard bottled water was used rather than distilled water. 
Samples were tested in the shapes as produced. 

Blot drying was performed on all surfaces exposed to water including inner surfaces on 
tubular samples. 

All samples were 50 mm (1.97") long. 

Fig. 6 is a photograph of the water absorption test equipment and setup. 

Density : The density was determined using a Mettler Toledo AG 104 densimeter using 

ethanol as a medium. 

Extrusion Processing Parameters : Thermoplastic vulcanizate (Santoprene 201-73) pellets 
were introduced into the main hopper of the extrusion line described above. The tooling 
attached to the head consisted of a die with a 7° taper angle and a tip of a 7° taper angle. 

The extruder speed was adjusted to provide an output of approximately 66 lb/hr. Barrel 
temperatures were set to maintain a melt temperature of approximately 329 °F at the entrance to 
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the die. N 2 blowing agent was injected at a 0.32 weight percent blowing agent concentration in 
the material. 

The above conditions produced a tube that was 0.076 inch thick by approximately 
0.536 inches in diameter at a density of 0.46 gm/cc. The water absorption of this sample was 
33%. 

Examples 2 - 13: Extruded Product using Nitrogen as Blowing Agent 

See procedure for Example 1 . The material and process condition differences 
between the Examples are given in Table 1 below. The properties of the resultant extruded 
foam product are given in Table 2. 

Table 1 

Process Conditions for Examples using Nitrogen as Blowing Agent 



Example Material 


Exit GaD 


Exit Taper Angle Output 


Tm 

degF 


N2 Level 






in 


deg 


lb/hr 


% 


1 


Santoprene 201-73 


0.028 


14 


66 


329 


0.32 


2 


Santoprene 201-73 


0.028 


0 


67 


327 


0.33 


3 


Santoprene 201-73 


0.028 


6 


92 


340 


0.30 


4 


Santoprene 201-73 


0.028 


6 


88 


341 


0.41 


5 


Santoprene 201-73 


0.028 


6 


88 


341 


0.50 


6 


Santoprene 201-68W 


0.028 


6 


100 


339 


0.25 


7 


Santoprene 201-68W 


0.028 


6 


97 


339 


0.25 


8 


Santoprene 121-68W 


0.028 


6 


101 


337 


0.39 


9 


Santoprene 121-68W 


0.028 


6 


101 


336 


0.40 


10 


SarlinkX8168 


0.021 


6 


100 


327 


0.40 


11 


Sarlink X8168 


0.028 


6 


100 


325 


0.30 


12 


Uniprene 7100-64 


0.028 


6 


100 


331 


0.16 


13 


Uniprene 7100-64 


0.028 


6 


100 


319 


0.28 



Table 2 

Foam Properties for Examples using Nitrogen as Blowing Agent 
Example Material OD Wall Thickness Density CS Water Absorption 



hi in g/cc %_ 

1 Santoprene 201-73 0.536 0.076 0.46 33 

2 Santoprene 201-73 0.518 0.060 0.46 4.3 

3 Santoprene 201-73 0.541 0.056 0.60 0.1 

4 Santoprene 201-73 0.567 0.054 0.55 27 

5 Santoprene 201-73 0.566 0.055 0.56 44 

6 Santoprene 20 1-68 W 0.53 51 

7 Santoprene 201 -68 W 0.53 13 

8 Santoprene 121-68W 0.621 0.056 0.50 0.4 

9 Santoprene 121-68W 0.589 0.050 0.54 49 

10 Sarlink X8168 0.549 0.052 0.53 0.3 
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11 
12 
13 



Sarlink X8168 
Uniprene 7100-64 
Uniprene 7100-64 



0.549 
0.56 
0.57 



0.052 
0.060 
0.043 



0.52 
0.53 
0.63 



9 

7.2 
1.9 



The Examples show that TPE foams having low complete submersion water 
absorptions may be obtained using methods of the present invention. 

Examples 1-2 demonstrate the effect of changing the die exit taper angle from 14 
degrees to 0 degrees (or parallel). The parallel exit channel provides a lower water 
absorption than that with an exit taper angle of 14 degrees. 

Examples 3-5 demonstrate the effect of increasing the SCF content in the molten 
polymer on the water absorption. The greater the SCF content, the greater the water 
absorption. It should also be noted that these examples utilize a 6 degree included angle die 
exit; example 3 meets the industry requirement for automotive gaskets. Examples 3 and 4 
produce TPE foams having a water absorption of less than 40 times (1-A)/A, wherein A is the 
foam density in g/cc. Example 5 produces a TPE foam having a water absorption of greater 
than 40 times (1-A)/A, wherein A is the foam density in g/cc. 

Examples 6 and 7 demonstrate the effect of the extruder and die temperature profile. 
The only difference in run conditions was an intermediate heat zone being lowered from 20 
degF from Example 6 to Example 7. Example 7 produces a TPE foam having a water 
absorption of less than 40 times (1-A)/A, wherein A is the foam density in g/cc. Example 6 
produces a TPE foam having a water absorption of greater than 40 times (1-A)/A, wherein A 
is the foam density in g/cc. 

It is also possible to lower the temperature profile too far as can be seen in Examples 
8 and 9. The difference between the two is that three intermediate heat zones are lowered 5 
degF from Example 8 to Example 9. Example 8 produces a TPE foam having a water 
absorption of less than 40 times (1-A)/A, wherein A is the foam density in g/cc. Example 9 
produces a TPE foam having a water absorption of greater than 40 times (1-A)/A, wherein A 
is the foam density in g/cc. 

Examples 3, 8, 10 and 13 demonstrate that less than 5% water absorption can be 
obtained with different commercial brands and grades of TPE. The list of materials used in 
the Examples is only a small representation of all the materials that could be processed using 
this invention. 

Figure 7 graphs the water absorption vs. foam density for Examples 1-13 and 
Comparative Examples 1-4. The lines for water absorption at various values of C as given 
above and shown in Fig. 4 are also overlaid on this chart for reference. 
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Comparative Examples 1 — 4 

Samples were obtained from various sources and properties were measured using the 
same test equipment and procedures as outlined above. Table 3 gives the properties 
measured for each of the comparative examples. All examples are of a TPE foam having a 
water absorption of greater than 40 times (1-A)/A, wherein A is the foam density in g/cc. 

Table 3 
Comparative Examples 

Example Material Blowing Agent OD Wall Thickness Density CS Water Absorption 



in in g/cc % 

Comp. 1 Sarlink CBA 0.730 0.082 0.32 155 

Comp. 2 Sarlink CBA 0.900 0.140 0.52 90 

Comp. 3 Sarlink CBA 0.45 117 

Comp. 4 TPV Water 0.53 54 



Example 14: Extruded Product using Carbon Dioxide as Blowing Agent 
Extrusion Equipment : A line for the production of extruded profiles was assembled 
employing a 60 mm diameter, 34:1 L:D single screw extruder (Krauss-Maffei, Munich, 
Germany). An injection system for the injection of C0 2 into the extruder was placed at 
approximately 20D diameters from the feed throat of the extruder. The injection system 
included 2 equally spaced circumferential, radially- positioned ports, each port including 1 76 
orifices, each orifice of 0.020 inch diameter, for a total of 352 orifices. The injection system 
included an air actuated control valve to precisely meter a mass flow rate of blowing agent at 
rates from 0.04 to 3.5 Ibs/hr at pressures up to 5500 psi. 

The screw of the primary extruder was a specially designed screw to provide feeding, 
melting and mixing of the polymer/talc concentrate followed by a mixing section for the 
dispersion of blowing agent in the polymer. 

Connected to the exit of the extruder was a horizontally mounted, in-line extrusion 
annular profile die. The head was designed by Trexel Inc. (Woburn, MA) and was equipped 
with taps for measurement of melt temperature and pressure just prior to entry into the die. It 
employed a conventional 2-spider type flow distribution channel and a die adjustment system 
that allowed movement of the die relative to the fixed position tip. This feature provides the 
ability to produce uniform wall thickness by "centering" the die to the mandrel. A wide 
range of exit gaps and exit taper angles were possible depending upon the chosen tooling 
design. The head was also equipped with an air channel and regulator that allowed the 



24 



introduction and control of air pressure through the center of the head. This feature allowed 
the use of air to cool and support the inner diameter of hollow profiles when used in 
conjunction with extrusion tips designed with an appropriate air passageway. 

Upon exit from the die, the extrudate was laid out on a conveyor belt and allowed to 
cool in the air. 

Complete Submersion Water Absorption Test : The complete submersion water absorption 
test procedure generally followed that outlined in ASTM D 1056 - 00 "Standard 
Specifications for Flexible Cellular Materials — Sponge or Expanded Rubber" and that given 
under Example 1 . Modifications or elaborations on the ASTM test method were: 
Vacuum pressure was 660 mm (26") Hg gauge. 

Blot drying was performed on all surfaces exposed to water including inner surfaces on 
tubular samples. 

All samples were 50 mm (1.97") long. 

Extrusion Processing Parameters : Thermoplastic vulcanizate (Santoprene 121-68W228) 
pellets were introduced into the main hopper of the extrusion line described above. The 
tooling attached to the head consisted of a die with a 0° taper angle and a tip of 10° taper 
angle. 

The extruder speed was adjusted to provide an output of approximately 55 lb/hr. Barrel 
temperatures were set to maintain a melt temperature of approximately 327 °F at entrance to the 
die. The carbon dioxide blowing agent was injected at a nominal rate to provide 0.39 weight % 
blowing agent concentration in the material. The complete submersion water absorption of this 
sample was 51 %. 

Examples 15 - 20: Extruded Product using Carbon Dioxide as Blowing Agent 

See procedure for Example 14. The material and process condition differences and 
the resultant foam properties are given in Table 4 below. Example 1 7 produces a TPE foam 
having a complete submersion water absorption of greater than 40 times (1-A)/A, wherein A 
is the foam density in g/cc. All other Examples produce a TPE foam having a complete 
submersion water absorption of less than 40 times (1-A)/A, wherein A is the foam density in 
g/cc. 

Figure 8 graphs the complete submersion water absorption vs. foam density for 
Examples 14-20 and Comparative Examples 1-4. The lines for complete submersion water 
absorption at various values of C as given above and shown in Fig. 4 are also overlaid on this 
chart for reference. 
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Table 4 

Examples using Carbon Dioxide as Blowing Agent 



Example Material Tm CQ2 Level Density CS Water Absorption 







degF 


% 


g/cc 


% 


14 


Santoprene 201-68W228 


334 


2.4 


0.36 


51 


15 


Santoprene 201-68W228 


334 


1.8 


0.44 


22 


16 


Santoprene 201-68W228 


334 


1.2 


0.46 


7 


17 


Santoprene 201-68W228 


338 


2.4 


0.34 


120 


18 


Santoprene 201-68W228 


338 


1.2 


0.33 


10 


19 


Sari ink 8168 


329 


1.8 


0.58 


4 


20 


Sarlink8168 


347 


1.8 


0.36 


55 



Sample tubes generated with carbon dioxide can also have low complete submersion 
water absorption; however, the cell sizes are larger and the cell size distribution is much 
wider for the carbon dioxide blown examples versus the nitrogen blown examples as seen in 
Fig. 9. The poorer cell structure leads to less consistent foam structure and tube surface, thus 
possibly resulting in a higher reject rate for low water absorption tubes in a manufacturing 
environment. 

Examples 21 — 24: Extruded Product: U-Test Water Absorption Test 

See Procedure for Example 1 except that water absorption properties were also 
measured using a U-test water absorption test. "U-test water absorption" was measured by 
immersing a sample under water in a "U" shape with sample ends remaining out of the water. 
The total sample length was 250 mm, with 25 mm remaining out of the water on each end. 
Samples were tested in the shapes as produced (e.g., tubular). Standard bottled water was 
used. A vacuum of 17 kPa absolute was maintained for 5 minutes, followed by 5 minutes at 
atmospheric pressure. The samples were weighed before and after immersion. Surface 
drying was performed on samples after immersion to eliminate excess water on sample 
surfaces using compressed air (9 psi) on all surfaces exposed to water including the inner 
surfaces of the samples. The U-test water absorption was calculated as follows: 

WA (%) = [(W f - Wi)/Wi]/0.8 x 100% 
where Wf and W* are the final and initial weights, respectively and the 0.8 factor represents 
the proportion of the sample that is submerged in the water. 

The material and process conditions differences between the Examples are given in 
Table 5. The properties of the resultant extruded foam product are give in Table 6. 
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Table 5 

Process Conditions for Examples Tested with U-Shape WA Test 



Example 


Material 


Exit Gap 


Tin 


SCF TvDe 


SCF Level 






inch 


op 




% 


21 


Santoprene 121-68W228 


0.031 


335 


N 2 


0.15 


22 


Santoprene 121-68W228 


0.031 


334 


N 2 


0.15 


23 


Santoprene 121-68 W228 


0.031 


335 


co 2 


0.40 


24 


Santoprene 121-68W228 


0.031 


334 


N 2 


0.35 


25 


Santoprene 121-68W228 


0.031 


338 


co 2 


1.00 



The Exit taper angle was 1 1 degrees and output was 100 lb/hr in all cases. The 
temperature of the barrel at the point of SCF injection was 360°F for examples 21 and 24 and 
380°F for examples 22 and 23. 



Table 6 

Foam Properties for Additional Examples Tested with an Alternative WA Test 



Example OD Wall Thickness Density Water Absorption Water Absorption 



in in g/cc Submerged Test, % U- Test, % 

21 0.62 " 0.084 0.62 15 0.03 

22 0.76 0.074 0.61 20 0.12 

23 0.75 0.072 0.61 25 0.26 

24 0.66 0.088 0.57 18 0.19 

25 0.73 0.083 0.45 34 0.18 



The Examples show that TPE foams having low U-test water absorptions and low 
complete submersion water absorptions may be obtained using methods of the present 
invention. 

Example 23 shows the effect of CO2 as a blowing agent. Example 24 shows the 
effect of a higher level of nitrogen as a blowing agent. 



Examples 26-28: Extruded Product: Low Durometer TPE 

See procedure for Example 1 . The material and process condition differences are 
shown in Table 7. The resultant foam properties are given in Table 8 below. 
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Table 7 

Process Conditions for Low Shore A Examples 



Example Material Durometer Exit Exit Tm SCF SCF 

Gap Taper Type Level 







Shore A 


Inch 


Deg. 


op 




% 


26 


SarlinkXRD8145 Blk. 


45 


0.035 


12 


345 


N 2 


0.38 


27 


NexPrene 1045.5 Blk. 


45 


0.042 


12 


324 


N 2 


0.15 


28 


NexPrene 1045.5 Blk. 


45 


0.031 


11 


319 


N 2 


0.25 



The output was 96 lb/hr in Examples 26 - 28. The temperature of the barrel at the 
point of SCF injection was 360°F for Examples 26 - 28. 



Table 8 

Foam Properties for Low Shore A Examples 



Example OP Wall Thickness Density CS Water Absorption 





in 


in 


g/cc 


% 


D 


0.575 


0.064 


0.59 


0.1 


E 


0.625 


0.070 


0.57 


2.9 


F 


0.625 


0.072 


0.60 


3.6 



While several embodiments of the invention have been described and illustrated 
herein, those of ordinary skill in the art will readily envision a variety of other means and 
structures for performing the functions and/or obtaining the results or advantages described 
herein, and each of such variations or modifications is deemed to be within the scope of the 
present invention. More generally, those skilled in the art would readily appreciate that all 
parameters, dimensions, materials, and configurations described herein are meant to be 
exemplary and that actual parameters, dimensions, materials, and configurations will depend 
upon specific applications for which the teachings of the present invention are used. Those 
skilled in the art will recognize, or be able to ascertain using no more than routine 
experimentation, many equivalents to the specific embodiments of the invention described 
herein. It is, therefore, to be understood that the foregoing embodiments are presented by 
way of example only and that, within the scope of the appended claims and equivalents 
thereto, the invention may be practiced otherwise than as specifically described. The present 
invention is directed to each individual feature, system, material and/or method described 
herein. In addition, any combination of two or more such features, systems, materials and/or 
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methods, if such features, systems, materials and/or methods that are not mutually 
inconsistent, is included within the scope of the present invention. 

In the claims (as well as in the specification above), all transitional phrases such as 
"comprising", "including", "carrying", "having", "containing", "involving", "composed of, 
"made of, "formed of and the like are to be understood to be open-ended, i.e. to mean 
including but not limited to. Only the transitional phrases "consisting of and "consisting 
essentially of shall be closed or semi-closed transitional phrases, respectively, as set forth in 
the United States Patent Office Manual of Patent Examining Procedures, section 21 1 1.03. 

What is claimed is: 



